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Cosmic Landscape

® Treat the cosmic landscape as a d-dimensional
effective potential.

® Due to the vacuum energy, it 1s reasonable to assume
inflation 1n the landscape.

® [fthe universe is trapped at a local minimum, we’ll
have eternal inflation with a scaling power spectrum.
But WMAP etc shows that is not the case.

® The inflaton 1s mobile == d > 2.

e What features can we expect to see for an inflaton
moving in a complicated multi-dimensional potential ?
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Likely Scenario

Treat the landscape as a random effective
potential.

[f the multi-field inflaton scatters many times
during inflation: it 1s like a random walk with a
drift velocity.

The density perturbation comes from the quantum
fluctuation.

Find some distinctive signatures.

A statistical treatment can be useful.
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Inflation 1n the cosmic landscape

Does this help ameliorating
the fine-tuning of the flatness

of the inflaton potential ?




Inflation 1n the cosmic landscape
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v =< 0 > drift velocity
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Decomposition of an arbitrary
perturbation during inflation

ox _ Perturbation

entropic mode
o8 .--

““adiabatic mode

Background trajectory
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Multi-field Inflation
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Power Spectrum
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Predictions
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Power Spectrum
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Predictions

)

oy K= ﬁ;*[ww\:ﬁ]

- 8:! \ k=aH

1 (l lIlP(; 9 U
Ne — = N —Z2€E—1 -
: dInk ' T ¥ Nzo
H
€ = — = €/(He

Pr 16 € Y



Pirsa: 09050055

Predictions

The power spectrum has an extra red tilt of
up to 2%

The non-Gaussianity due to the randomness
1s typically very small

The tensor to scalar mode ratio r can be
bigger by as much as a factor of X

The randomness can show up in the power
spectrum as a random oscillation



Comment

We may treat both the classical random walk fluctuation
and the quantum fluctuation at the same time :

¢+ 3Ho + V'(¢) = £(t) + n(2)
< E@)E() > ~ Pentropicd(t — t')
< U(t)'U(tf) - Padiabatic(s(t e tr)

Fe = Padiabatic ¥ Pentrop-ic
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Power Spectrum
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Langevin-Fokker-Planck
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T is almost a constant vector and DY = \ &/
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Does the random walk in multi-field
space help ameliorating the fine-tuning
of the flatness of the inflaton potential ?

=< a> 4 velocity
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Langevin
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Variance
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Probability distribution
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The dnift speed 1s close to the slow-roll speed.

Little or no improvement on the fine-tuning problem.
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Variance

: , : b :
(O) = (__a——.‘}Hl'G“_}_ E (1 _(__J—JH!) :
= — D :
(6 —(0))°) = 3H (1—e ") .

00000000




Langevin
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Probability distribution
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The dnift speed 1s close to the slow-roll speed.

Little or no improvement on the fine-tuning problem.
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a subtlety
¥+ vz + Vi(x) = E&(t)

dxr

dt
dv

dt

(_'I

—(yv+ V) +&(2)

Klein—Kramers equation for P(x,v.t)
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[f entropic perturbation 1s negligible
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strength of scatterings = measures frequency
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Otherwise, features can be much closer.

= (5Padiabat-ic + 5Pen.tropif3)/PC
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Modeling the scatterings
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A. A. Starobinskv. “Spectrum Of Adiabatic Perturbations In The Universe When There Are
Sineularities In The Infiation Potential.” JETP Lett. 55, 489 (1992) [Pisma Zh. Eksp. Teor. Fiz.
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multiple scatterings

vi(k.7) = auv(k.7)+ BivT(k.T)

4 | =

v iET) = _,_t‘t“l" (li —)
v 2k kT
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7.x 10

6.x 10
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10°* 0.001 001 0.1

One scattering with A; = 0.1, k7 = 0.005Mpec—!

The dashed line is n, = 0.95.
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a pair of scatterings that mimic a step

P
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Multiple (7) scatterings

k (Mpc™ )
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ki = {2x1074,3x1074,1072,2x1072,0.02,0.025,0.04} M pc '
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Multiple (7) scatterings
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Fast tunneling 1in the landscape
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WMAP 2006
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Are there features in the power spectrum
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WMAP 5 years

Unbinned data with error bars
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BAND-POWER RECONSTRUCTION OF THE PRIMORDIAL ..
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FIG. 1 (color online). The recomstruction of the primordial
spectrum by the maximum likelihood reconstruction method
from the five-year WMAP data. The solid wavy curve is the
result of reconstruction and the straight line is the best-fit power-
law spectrum. Dotted lines are the standard deviation around the
best-fit power law.

a 3.30 deviation
" Nagata and Yokoyama, 0812.4585
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FIG. 3 Current limits from a combination of CMB data sets
WNMAP, ACBAR, QUaD. BOOMERanG and CBI). There is

i some evidence of a dip in power at around &k = 0.002 below
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the best fit power law model. Shaded regions are defined as
i1y Eia ©)
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WMAP 5 years
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Uncertainties
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able 1. Experiment Specifications for WMAP and PLANCK

WMAP PLANCK
v (GHz) 61 | 94 | 70 | 100 | 143
frwanm (arcmin) | 198 [ 126 | 14 | 95 | 7.1
AT, (kK) [21.1[319[128]68 | 6.0

Ci ~ 1041 2(uK)>?

Table 2. Error Estimation in (; for WMAP and PLANCK

l 20 | 200 | 500 | S00 | 1000 | 1500 | 2000
Cosmic Variance (%) | 198 | 63 | 40 | 32 | 28 | 23 [ 20
WMAP 6C;/C; (%) | 198 | 65 | 59 | 18.1] 655 | - :
PLANCK 6C;/C; (%) | 198 | 63 | 40 | 32 | 29 | 28 | 5.1
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Sensitivities to fluctuations
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Eternal inflation and
observed inflation
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Remarks

® Multi-field inflation with a random potential naturally
leads to fluctuations in the CMB power spectrum.

® Enough such features in the CMB power spectrum will
support that the inflaton 1s mobile in the landscape, at
least for the 5 to 8 e-folds covered by CMB data.

® Such features will be strong evidence against eternal
inflation.

® Another possible signature : Steps in
the warped throat (due to duality
cascade) can show up as features in
the power spectrum.

->iring theory can be tested via inflation



